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A COMPARISON OF SOME EFFECTS QF THREE ANTIMOTION SICKNESS DRUGS ON
NYSTAGMIC RESPONSES TCO ANGULAR ACCELERATIONS AND TO OPTOKINETIC STIMULI

Introduction.

In aviation, scme pilot trainees experience varying degrees of motion
sickness early in their training and the use of drug remedies is not pro-
hibited when prescribed for dual flights. Moreover, some motion sickness
preventives do not require prescriptions. In addition, spouses or business
executives often accompany private pilots on flying trips; some of these
passengers, who mav be required to pilot the aircraft in an emergency, use
antimotion sickness drugs.

The majority of antimotion sickness drugs are depressants (2,11,12,17}.
While their efficacy in this regard is based on the reduction of moticn
sickness symptoms, there is the possibility that the use of such drugs might
have other (undesirable) consequences on functions associated with motion,
particularly with regard to the integrity of the visual and vestibular sys-
tems. Interferences with visual acuity, visual following ability, or the
ability to maintain visual fixaticn during the nystagmic eve movement re-
sponses to angular accelerations all have potentially adverse consequences
for spatial orientation and flight safety.

Among the factors which have a marked influence on vestibular nvstagmus
are the presence or absence of opportunities for visual fixation (6,8,10,14)
and the state of mental alertness of the individual (i,4,5). COrdinarile,
(i) the slow-phase components of vestibularlyv induced eve movenments in darx-
ness are reduced during states of mental relaxation {rever: % as compared
with states of mental alertness, and (ii) nystagmic excursicns are inhibited
by visual fixation (6). Assessments of drug effects on vestibular respon-
ses-—or on responses related to vestibular function--need to consider both
of these factors. Several studies (1,9,10,14,13) have indicated that drug-
induced alterations in the alertness of subjects micht lead to inexact
interpretations of the site of drug effects or to an incorrect appraisal of
how a sensory system might perform under modified arousal conditions. For
example, in one study (10), vestibular avstagmus in darkness was not dif-
ferentiallv affected by ordinarv doses of d-amphetamine sulphate (10 mg),
secobarbitral sodium (100 mg), or placebe if laboratoryv subjects were Xept
mentallv alert during stimulation. If the subjects were allowed to relax
and davdream, response variability increased markedly and the depressant,
cobarbital sodium, produced 2 notable deterioration of the ocular response
0). Similar results were obtained with alcohol (14,153) and l-hvoscine
hvdrobromide (1). With vision permitted during vestibular stimulatien, an
opposite effect has been reported, viz, ocular nvstagmus was increased by
alcohol (1%4,13), amvlobarbitone sodium {(13), and secobarbital sodium (10).

The present studv was designed to investigate the effects of three anti-
motion sickness drugs on the ocular nvstagmus response to anguiar stimulation.
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These tests were conducted under ccnditions in which (L) the subjects were
made alert or were encouraged to relax and (ii) visual fixation was permit-
ted or denied. Additional informaticn was obtained by expesing the subjects
to optokinetic stimulation. The drugs selected were (i) a readily available,
nonprescription remedy, (dimenhvdrinate), (ii) an antihistaminic (promethazine
hydrochloride) which produces drowsiness (16), (iii) a combination of the
antihistaminic (promethazine hvdrochloride) with an analeptic (dextroampheta-
nine), the combination representing an exceptiocnally effective remedv for
meticn sickness (18).

Method.

Subjects. Male college students, with no historv of anv neuro-otological
difficulties, served as paid subjects. None had any previous laboratory
experiences invelving vestibular stimulation. All ate a light breakfast at
abcut 7:00 a.m. and were not allowed to smoke or drink beverages containing
caffeine, except during a2 2-h lunch period which preceded the final test
session. In the first of two studies, 40 subjects were divided into four
equal groups: a placebo (lactose), a 50 mg dimenhydrinate, a 25 mg prometh-
azine hydrochloride, and a mixture {25 mg promethazine hvdrochloride plus
10 mg d-amphetamine sulfate) group. The lstter combination of drugs was
included because it has been cited as cne of the most effective antimetion
sickness drugs in laboratorv studies (17). 1In the second study (conducted to
clarifv some findings frem Study I}, 30 new subjects were divided intc three
equal groups: a placebo (lactose), a 100 mg dimenhydrinate and a 50 mg pro-
methazine hydrochloride group. The drugs and placebo were placed in identi-
cal capsules; subjects were unaware of what their capsules contained.

Apparatus. A drum, painted with alternating black and white stripes (5
cm and 6.25 cm in width, respectively) was located 0.6 m in front of the sub-
ject to provide the optokinetic stimulation. The drum, 40 cm high and 50 cm
in diameter, was mounted behind a gray screen which had a center opening
the full size of the drum. Stimuli comprised 30-s periods of drum rotation
at 10 rpm.

Vestibular stimulation was provided by oscillarvion of a modified Stille-
Werner RS-3 rotation device. This enclosed devicc was preogramed to provide
a triangular waveform stimulus with a 48-s period ard reach a peak velocity
of 120%°/= in both counter-clockwise (CCW) and clockwise {(CW) directions. Thus,
each 48-s5 period produced a 24-s cycle of CW stimulation and a 24-s cvcle
of CCW stimulation, vielding cycles of both right-beating and left-beating
nvstagmus, respectively. Subjects were seated directly over the center cf
rotation with their heads fixed upright so that the lateral semicircular
canals were approximatelv in the plane of rotation.

The nystagmic eve movements resulting from optokinetic and vestibular
stimulation were recorded by using conventional electronvstagmographirc
technigues. A Beckman Type T electroencephalograph, with a 3-s time constant,
served as the recorder. Calibrations wereobtained by having the subjects
sweep their eves between two flashing pinlights on the front of the rotator
and between two markers near the optokinetic drum.
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Procedure. During a single day, each subject was tested on five separate
occasions: a familiarization session, a predrug (baseline) session, and
three postdrug sessions. TImmediately following the predrug session
(between 10 a.m. and 11 a.m.), each subject ingested a capsule containing
either one of the drugs or a lactose-placebo. The capsules were admin-
istered in a double-blind procedure. The postdrug sessions occurred I, 2Z,
and 4 hours following the ingestion of the capsule.

Each experimental session began with optokinetic stimulation; the stim-
ylus period was 30 s and eye movements were recorded for an additional 30 s
after the drum had stopped. The subject was periodically admonished to
"stay alert"” and to continue focusing on the surface of the drum. Pulse
rates were recorded shortly after the end of the optokinetic trials.

The subject was taken next to a nearby room where the rotation device
was located. Each rotation session involved (i) three periods of whole-bedy
oscillation with the subject fixating visually and performing on a one-
degree-of-freedom compensatory tracking task (alert with vision) and (ii) two
periods of whole-bodv oscillation in total darkness under two alertness
conditions. During the latter, the subjects were instructed either (i) to
snlve mental arithmetic problems assigned by the experimenter or (ii) to
relax and daydream; i.e., assume a reverie (REV) state (4). The order of
presentation of these latter two conditions was counterbalanced and, in beth
cases, the subject was instructed to keep his eyes open and look straight
ahead.

Scoring. The total amount (degrees) of slow-phase eve displacement during
vestibular stimulation was measured and the number of nvstagmic eve movements
(beats) was counted across the three periods of rotation in the light and
across the first period of rotation in the dark. For optokinetic stimulation,
like values were calculated on the 20-s stimulus period. Sco:iring was
accomplished without knowledge of the group (drugs or place™c) to which any
subject belonged, and these absolute values (or the differences between thenm)
were used Iin the statistical analvsis; for the latter, the minimal accept-
able level for statistical significance was ser at p < .05.

For some graphic presentations, however, 'change" scores were computed.
For each group and each measure, the mean score for the predrug session was
plotted as o zero base; the percentagesof increase or decrease in scores
during subsequent sessions, which followed administration of a drug or
placebo, were plotted as ''percent increase' or ''percent decrease' from the
predrug level.

Results.
Pulse Rates.
STUDY I

For each group, analvses of variance followed bv Tukev's Lonestliv
Significant Difference (HSD) rests nf nulse rates acrnss sessions vielded
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similar findings, viz, pulse rates were higher during the final sessions

(p <.05 - p < .001) than they were during each previous session irrespec-—
tive of drugs or placebo and, with one exception (the 2-h postdrug session
for the mixture group), preingestion pulse rates were next highest (see
Table 1). Analyses of difference scores showed no overall significant
differences betwesn groups, but there was a significant sessions effect

(p <.001) due to the uniformly high pulse rates during the final session.
Those high rates are probably attributable to the subjects' anticipation
that the end of the experimental period was approaching. In any event, the
presence or absence of drugs could not be ascertained by an inspection of
pulse rates.

Table 1. Mean Pulse Rates Obtained During Each Predrug
and Postdrug Session in Twe Studies

Studvy I Postdrug Sessions
.
JQup Predrug 1h 2 h 4 h
Dimenhy&}iﬁage (50 ng) 68.7 62.8 62.0 77.9
~

Mixture (*) 64.8 63.3 67.3 7R.A4
Piacebo £45.2 £0.9 6.4 73.3

Promethazine
Hvdrochloride (25 mg) 68.6 67.3 67.4 79.2
Mean 66.6 63.7 64.5 76.7

Scuagv IT

Dimenhvdrinate (100 mg) 71.3 64.0 63.0 76.4

Placebo 65.0 60.4 57.8 68.2

Promethazine

Hvdrochloride (50 mg) 65.8 50,2 _60.8 69.4
Mean 67.4 61.5 60.5 71.3

(“) 25 mg promethazine hydrochloride plus 10 mg d—amphetamine sulphate.
=]
STUDY IT

Compiementing the findings of Studv I, pulse rates uniformlv dropped for
all groups during the first two pcstingesticn sessions and reacked their

1
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highest levels during the final sessions for each group. Owing at least
partly to the effects of the double dosages of drugs, the array of statis-
tically significant findings differed between the two studies. Specifically,
in Study II (i) the final session for each group had significantly higher

(p <.05 - p <.001) pulse rates than the two preceding sessions but did not
differ from the predrug session, (ii) placebo group scores during the 2-h
session were lower (p < .01} than predrug pulse rates and (iii) pulse rates
for the dimenhydrinate gzroup were lower than baseline during both the 1-h

and 2-h sessions (p <.05 in both cases). The overall analysis of difference
scores yielded findings almost identical with those of Study I; there were no
significant group differences but there was a session effect (p < .001) due
to the elevated scores during the final sessions. Even with the increased
drug dosages used in this study, pulse rates did not distinguish the presence
or absence of the two depressant drugs.

Effects of Instructicns.

STUDY T

Analyses of wvariance were applied separately to the slow-phase output
and the number of eye movements (beats) elicited in darkness. The two
different sets of instructions regarding mental activity vielded significant
F-ratios for each ocular measure. For slow-phase displacement, instructions
{(p <.Cl), sessions (p < .0l), and the instructions by sessions by groups
interaction (p < .05) were significant; for the total number of eve movements,
the same variables were significant (p <.01, p < .05, p <.0l respectively)
plus the two-way interactions of sessions by groups and sessicns by instruc-
tions (both at p < .05). For every session and every group, slow-phase
measures for the mental arithmetic (MA) instructions were grvater than those
for the REV instructions (see Figure 1). The effect of instructions on the
number of eye movements (Figure 2) showed different patterns, viz, (i) during
the preingestion (baseline) sessions for zll groups, the number of heats was
greater for REV than for MA instructions, (ii) this patfern was maintained
for both the placebo and mixture groups during subsequent sessions, and (iii)
the REV output dropped below that of MA during twe postingestion sessions
each for the groups given dimenhvdrinate (1-h and 2-h postdrug) and prometha-
zine {2-h and 4-h postdrug).

Response trends across sessicns were examined within each group via one-
wav analvsis of variance and Tukev's HSD test. For the MA task, no signifi-
cant effects were obtained for dimenhvdrinate or promethazine. For the
nplacebo group the number of eve movernenis was lower during the '-h posi-
ingestion session than it was during all other sessions (p < .05 - .01).
Somewhat similarlv, the mixture group had less nystaemus ocutput (o < .05)
during the 1-h postingestion session than during the predrus session for beoth
nvstagnus measures; in addition, slow-phasce scores during the 2-h session

for the mixture group wire lower (o < .03) than the predruc <cores. RFV
sessions produced a different pattern of results.
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.Figure 1. The total amount of slow-phase vestibular nvstagmus obtained
during rotation in total darkness under mental arithmetic and
reverie instructions before (pre) and after ingestion of s drug
or placebo. Drugs were dimenhydrinate (50 mg), promethazine hydro-
chloride (25 mg) and a mixture (25 mg promethazine hydrochloride
plus 10 mg dextroamphetamine).

For this instructional condition, no significant effects were obtained for
either the placebo or the mixture group. However, significant declines for
both REV nystagmus measures (p <.05 in all cases) were present between the
predrug and the 1-h postingestion session for the dimenhvdrinate group and

between the 1l-h and 4-h postingestion sessions for the promethazine group.

Analyses of variance of difference sceres (each postingestion score sub-
tracted rom the predrug score) and subsequent simple effects tests permitted
assessment of difference between the groups. For the MA instructions, onlv
one significant difference emerged, viz, for slow-phase activity during the
first postingestion session between the mixture and promethazine groups
(E < .03). The difference is attributable Lo tne sharp increase in this
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Figure 2.

The total numbex of fast-phase heats of nystagmus
rotation in total darkness before (pre) and after
drug or placebo.

cobtained during
ingestion of a
Drugs and tasks were as in Figuve 1.

measure of nystagmus for the promethazine group (see Figure 3). (This latter
finding helped prompt the conduct of Study II.) REV instruc:ions resulted

in a greater number of significant effects {p <.05 in ail cises), each of
which involved depressed scores during the 1-h postingesticn sessicen for the
dimenhvdrinate group; specificaliy between the Zdimenhvdrinate and minture
groups for both ocular nmeasurements (Figures 3 and 4) and between the dimen-
hyvdrinate and placebo groups for the number of eve movements (Figure 4).

STUDY IT
Analvses of variance applied to the two measures of nystasmus vielded
aimost identical patterns of significant F-ratios. TFor both measures,
instructions {p <.01), session (p <.01) and the groups by sessions
( <.01), instructions by sessions (p < .01), and three-way interactiors
(p <.01) were all significant. The groups by instructions interaction was

significant (g < .053) only fer the number of ocular bheats.

output for every session and every group was greater for MA

=

Slow-phase
than for REV



Figure 3.
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Changes in the output ef slow-phase vestibular nystagmus following
ingestion of a drug or placebo. Drugs and tasks were zs in

Figure 1. The O scores represent the base levels of ocular output
fer the four groups under mental arithmetic and reverie instruc-
tions; output scores for the postingestion sessions were converted
to percentages of Iincrease or decrease from the base levels.



Figure 4.
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Changes in the total number of fast-phase beats of vestibular

nvstagmus following ingestion of a drug or placebo.
tasks, and plotting procedures were as in Figure 3.
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instructions; alsc the differences in cutput between the instructions grew
clearly greater during postingestion sessions for dimenhydrinate and
promethazine {(see Figure 5). For the number of eye movements, all preinges-
tion sessions showed higher scores during REV than during MA. This differ~
ence declined during postingestion sessions for the placebo group, but the
scores stayed within +10 percent of each other. For both promethazine and
dimenhydrinate, sharp declines in ocular beats occurred during postingestion
sessions, with REV scores markedly below MA scores during all three postin-
gestion sessions for dimenhydrinate and during the last two sessions for
premethazine.

In examining response trends across sessions for each zroup, the MA
condition yielded significant F-ratios only for slow-phase measures
(Figure 6), only for the 2-h postingestion session, and only for the placebo
and promethazine groups, viz, for the former group, that session differed
(scores were lower) from the predrug and the 4-h postingestion sessions
(p < .05 in both cases), while for premethazine subjects the 2-h session
(with a lower score) differed only from the predrug trial (r < .03).
Although these differences were significant, the sessicmal range of scores
was quite narrow {(see Figure 6). Intersession comparisons for the REV
instructicn condition resulted in no significant F-ratios for the placebo
group. However, dimenhydrinate produced marked postingestion deciines in both
measures of nystagmus (Figures 6 and 7), with all postingestion scores lower
than the predrug levels (p < .01 - .001). Promethazine also produced sharp
declines in each of the two measures of ocular activity, viz, all postinges-
tion sessions were depressed from the predrug level for slow-phase scores,
and all except the 1-h session were significantly depressed Ffor the number
of eve movements (p < .00l in all cases). In additiomn, the 1-h promethazine
postingestion session differed significantly from the last two sessions (they
were Jlower) for both nystagmus measures (p < .05 and .01 respectively for
slow-phase; p < .001 in both cases for number of eve movements).

Analyses of variance of difference scores and subsequent simple effects
tests to assess between-groups differences vielded none for the MA instruc-
ticns (see Figures 6 and 7). REV instructions resulted in the following
significant findings: (i) for all three postingestion sessions, slow-phase
scores (Figure 6) for both drug groups showed 2 significantly greater drop
{(p < .01 - .001) from predrug levels than did the placebo group, (ii) for
the number of ocular beats (Figure 7), promethazine scores dropped signi-
ficantly more than placebo scores for the 2-h (p < .05) and the 4-h
(p <.01) postingestion sessions.
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_Figure 6.
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Figure 7. Changes in the total number of fast-phase beats of vestibular
nystagmus fcllowing ingestion of a drug or placebo. Dosages,
tasks, and plotting procedures were as in Figure 6.




Effects of Visual Fixation on Vestibular Nystagmus.

STUDY I

Within Groups Compariscoms. One-way analyses of variance and Tukey's
HSD tests yielded significant F-ratios for both the slow-phase and the
numb=r of beats measures for the placebo (p < .05) and mixture (p < .01)
groups. imenhydrinate had nc statistically significant effect across the
four sessions but all postdrug scores exceeded the baseline levels. Prometha-
zine produced u significant overall F(p < .05) only for slow-phase scores
(due to the elevated cutput 2-h after taking the drug), but all the paired-
session comparisons fell short of statistical reliabilitv.

The placebo group showed a general decline in nvstagmus across sessions
with both slow-phase displacement measures and the number of eve movements
during the final session falling significantly below (p < .0l) baseline
levels. The mixture group declined more sharply than did the placebo sub-
jects, but showed some recovery during the final session. Forv ocular beats,
only the 2-h postingestion session for mixture subjects was significantly
below the predrug level (p < .01), but for slow-phase measures all three
postingestion sessions were lower than the baseline (p < .01, p < .001,
and p < .01, respectively).

Thus both the placebo and mixture groups showed improved control of eve
movenments (lower scores) arross sessions, while the subjects given dimen-
hvdrinate and promethazine had elevated scores (reduced ocular control) after
drug-taking.

Between (roups Comparisons. The overall analyses of variance and sub-
sequent simple effects tests vielded significant findings for groups
(E < ,01 - .001) for each of the two ocular measures, and a significant
groups-by—sessions interaction for the number of eve movements (p < .05).
For the latter measure, the only group difference occurred during the 2-h
postingestion session between the promethazine (high score) and mixture (low
score) groups (p < .001}. For slow-phase measures, the mixture group had
less displacement than both the dimenhydrinate and promethazine groups during
the 2-h (p < .0l and p < .001, respectively) and the 4-h sessions (p < .01
and p < .05, respectively). 1In addition, the promethazine group scores
wvere higher (p < .03) than the placebo group sceores during the second post-
ingestion sessiomn.
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Figure 8. Changes in slow-phase and fast-phase (number of beats) wvestibular
nystagmus during visual fixation on a tracking task. Drugs were
dimenhydrinate (50 mg), promethazine hydrochloride (25 mg) and a
mixture (25 mg promethazine hydrochioride plus 10 mg dextroamphet-
amine). The 0 scores represent the base levels of ocular output
for the four groups; output scores for the postingestion sessions
were converted to percentages of increase or decrease from the
base levels.
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STUDY II

Within Groups Comparigons. One-way analyses of variance yislded signifi-
cant effects across sessions for both measures of nystagmus for the placebo
{(p <.01) and promethazine (p < .05) groups; for dimenhvdrinate subjects,
only the number of eye movements varied significantly (p <.05). Tukey's
HSD tests yielded no sessional differences for dimenhydrinate although scores
were elevated during the first two postingestion hours and several comparisons
involving the second postingestion hour were very near statistical signifi-
cance. For both measures of nystagmus, promethazine produced significantly
higher scores (p < .03) during the second postingestion hour than prior to
drug-taking and two other comparisons involving the 2-h postingestion ses-—
sion were close to significance. The last session for the placebo group
was significantly lower (p <.01) in output than the first session for both
measures of nystagmus, culmirnating a regular decline in eye movement
(improved control) across sessions.

Between Groups Comparisons. Analyses of variance vielded significant F-
ratios for groups (p <.01), sessions (p <.05), and for the groups by
sessions interactions (p <.05 for slow phase and p < .0l for number of
moverents). For both measures dimenhvdrinate (p. <.05) and promethazine
(p <.00l1) scores were significantly higher (less contrel) than placebo
scores during the 2-h postingestion session. Promethazine scores remained
significantly elevated during the last session in comparison with placebo
{(p <.01 for slow-phase and p < .00l for ocular beats) and were higher than
dimenhydrinate scores (p < .05) during that session only for the number of
eye movements.

Optokinetic Nvstagmus.

STGDY T

Within Groups Comparisons. One-way analyses of variance across sessions
for each group vielded no significant F-ratios for either slow-phase measures
or the number of beats. While slow-phase scores generallv declined across
sessions, all scores were within 110 percent of the preingestion levels.
Beats of eve movement were somewhat more stable across sessions and showed
a narrower range of variability from predrug scores (Figure 10).

Between Groups Comparisons. Overall analvses of variance for the total
nurnter ¢f optokinetic eve movements vielded no significant F-ratios; total
slow-phase ocutput vielded only a significant sessions effect {p <.05) which
is accounted for primarily by the scomewhat lower scores which cccurred
during the last two sessions. Individual comparisons between the groups at
each sessicn yielded no significant erffects although, for number of beats,
tke promethazine—dimenhvdrinate grouws differences at the 1-h and 2-h post-
ingesition sessions, and the promethzzine-mixture group differences at the
iast sessicn, all approached significance.
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amphetamine). The O scores represent the base levels of ocular
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STUDY 1IX

Within Groups Comparisons. One-way analyses of variaiuce across sessions
vielded significant effects only for the promethazine group. Comparisons
between trials indicated that the last promethazine session had significantly
less output for both measures of nystagmus than either the predrug (p <.01
in both cases) or the 1-h postingestion session (p <.05 - .01); in additionm,
for slow-phase activity, the 2-h session was significantly below (p < .01)
the predrug level. Slow-phase displacement scores for the 2-h session also
approached significance for the dimenhydrinate group; the slow-phase decline
during this session fell short of the p < .05 level in comparisons with
both the predrug and the 1-h postingestion sessions.

Between Groups Comparisons. Overall analyses of variance for total sliow-
phase output and for total number of eye movements vielded identical patterns
of significance, viz, for sessions (p < .01) and for the groups by sessions
interaction (p < .01). Both effects are due primarily to the variable (and
depressed) scores of the promethazine and dimenhvdrinate groups during the
last two sessions as compared with the relatively stable scores of the place-
bo group {(Figure 11).

DBiscussion.

The MA instructions tended to produce relatively stabie session-to-
session scores for slow-phase nystagmus regardiess of the drug or dosage used
in these two studies. TFor every sessieon, the slow-phase output for MA trials
exceeded the levels for REV instructions. REV resulted in more variability
of slow-phase responses across sessions, particularly for promethazine and
dimenhvdrinate, and more variability for the double dosages than for the
single ones.

Counts of the number of eve movements vielded mixed results. Again MA
instructions preduczad relatively stable gcores across sessionsg and the REV
condition yielded greater trial—-to-trial wvariabilitv. However, the number
of eve movements during each predrug session was consistently greater for
the REV condition than for MA instructions. This difference in output favor-
ing REV persisted across all sessions for the placebe and mixrure groups in
Studv I, but was not mzintained during the last two sessions for the placebo
group in Study II. The most marked changes occurred in the dimenhydrinate
and promethazine groups. The former evidenced a sharp declime in output 1-h
postdrug; that decline (to levels below those of the MA condition) showed
recoverv during the final two sessions in Study I, but deepened during the
2-h session of Studvy IT (under tle double dosage) before some recovery was
evident. For promethazine the sharp drop did not occur until the 2-h session
in both studies and no rececvery was apparent during the final sessions.

These differences are, of course, related to the different time courses of
pezk action and duration of the drugs and their dosages.
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Thus, the MA task effectively cancelled drug effects and stabilized the
nvstzgmic response across trials irrespective of the drug administered. RIV
instructions permirted the depressant drugs (particularly at the higher dose
levels) to affect nvstagmus by means of an accelerated reduction in the
response output across sessions. The mixture, which cormbined an analeptic
(d-amphetamine) with one of the depressants (promethazine), had effects on
nvstagmus that were more like the effects of a placebo.

The present findings regarding mental set are similar to those of a
previocus studv which assessed effects of secocbarbital and of d-amphetamine
on the same nystagmus paramerers (10). In that studyv the MA and REV
instructions produced about the same effects as were cobtained in the present
report on both slow-phase and fast-phase measures of nystagmus. The effects
of secobarbital were more like the double dosages of dimenhvdrinate and
promethazine in terms of the rmagnitude of the decline during REV, while the
effecis of d-amphetanmine resembled those of the mixture group in the present
study.

Vestibular nvstagnus during visual fixation vielcded clear and consistent
effects of drugs. In both Studv I and Studv II, nvstagmus increased (i.e.,
visual control of vestibular eve movements decreased) during the first 2
hours after ingesticn of dimenihvdrinate or promethazine and, at best, during
the final session, nystagmus output was back tc the predrug level. loreover,
the increase in nystagmus wes clearlv gresier for sroung civern the double
dosages. The placebo group and the mixture group showed a different pattern
of nyvstagmus activity, with general decline in output evident across all
sesgsions. The declines suggest improved ceontrel of vestibular eve movements
bv means of visual! fixation. Similar but less marked results were evident
for the involuntary ocular following movements generated by optokinetic
stimulation. Optokinetic effects were clearer for the double dosages which
reduced both the speed of the following moverents (reflected in less slow-
phase displacement) and the frequency of fast-phases (smaller number of
beats) thereby increasing the discrepancy between the speed of the moving
object and the speed of the eve. It is of more than passing interest that
the mixture group showed none of these negative effects.

These results and others (1,8,10,13,14,15) suggest that moderate
dosages of depressant drugs have effects on vestibular nystagmus that are
different depending upon the presence or absence of vision and the mental
set of the subject. With respect to the latter, the instructional set
assumed hv the subject during vestibular testing eppears to be one of the
most important variables in determining overall slow-phase nvstagmic output.
In the oresent study, the alert set {(mental arithmetic} prevented the
response declines that were evident under the nonalert set (reverie) for the
promethazine and dimenhvdrinate groups. If alertness is not controlled, what
mav appcar to be a drug-induced azlteration in the responses might be simply
a drug-inducaed alteration in the alertness of the subjects’ such a difference
mav have considerable practical as well as theoretical significance. In the
ahsence of instructions regarding arcusal it is iikelv that subiects under
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the influence of such drugs would drift into reverie-like states and thereby
show reduced vestibular pystagmus. It is of interest that in the present
study and in a previous one (10), the initial effect of REV instructions was
te decrease the slow-phase activity but increase the number of fast-phase
beats of nystagmus in darkness. With repetition of the REV condition {which,
one might assume, would incrc¢ase the ability to relax and daydream), the
fast-phase activity also begins to fall off and such declines are accelerated
by depressant drugs. It would appear that both the eye-centering veflex and
the vestibularly induced slow-phase displacement mechanism are generally
suppressed during a fairly complete state of mental relaxation. Fowever, the
two components do not seem to be equally responsive to the introduction of
the REV state since at least the frequency of the fast-phase activity is not
only initially reduced, but may show temporarvrilv increased activity.

With respect to the influence of vision on rvstagmus, both depressant
drugs reduced the involuntary (optokinetic) following ability of the eye
(with the higher dosage) as well as the ability of an individual to suppress
vestibularly induced eve movements through visual fixation (with both dose
levels). These may be important modifications in practical situation in-
volving visual judgments about moving objects in the one case: and, in the
other, in preventing blurred visiecn during motion. Of significance in this
regard is that the combination ~ d-amphetamine sulphate and promethazine
produced none of these undesirable consequences. In fact, the nystagmic
responses obtained from the mixture group in the present study appear very
much like those obtained in earlier studies (9,10) from subjects who were
given d-amphetamine sulphate alone., Thus, although the central action of
drugs that are effective in reducing malaise due to motion are still not
clearly defined (3,11,12), the mixture combination has distinct advantages
as a motion sickness preventive, viz, it has a high degree of efficacy in
reducing or preventing undesirable motion sickness symptoms without occular
disadvantages that seem to be manifested by depressants alone. Other similar
combinations (e.g., scopolomine plus amphetamine (11,18), scopolomine plus
ephedrin (11,17), and promethazine plus ephedrin (11,18)}, which alsc have
proven highly effective as antimotion sickness preparaticns, are likely to
have this same advantage.

The available data also suggest that the effects of a drug on vestibular
nystagmus may be a poor indicator of its wvalue in preventing motion sickness.
Alcohol (14,15) and secobarbital (10), neither of which has anv documented
usefulness as a motion sickness preventive, produce effects on vestibular
responses that are not unlike those of the 100-mg dose of dimenhvdrinate or
the 50-mg dose of promethazine, both of which provide a reasonable degree of
protection against motion sickness (16). Moveover, assessments of the
capacity of drugs to combat motion sickness in many practical situations
should incliude as a possible adverse side effect the inabilitv to maintain
visual fixation during motion.
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Svmmary.

While the basic efficacy of an antimotion sickness drug is rooted in the
rzduction of motion sickness symptoms, sites of drug action and adverse side
effocts are among the theoretical and practical considerations of drug usage
in trangportation systems. This study examined the influence of three
established antimotion sickness drugs on nystagmic eye movement responses
(i) to angular acceleration (whole-body movement) under conditions ¢f mental
alertness or relaxation and with vision either permitted or denied, :ud (ii)
to optokinetic stimuiation (visual field movement). Dimenhvdrinate aid
promethazine, particularly at higher dose levels, reduced optokinetic
nystagmus, thereby making less accurate the following ability of the eye.
During whole-bo>dv motion in darkness, there was little evidence of any
placebo-drug differences in the wvestibular response under alert conditions;
however, under relaxed conditions, dimenhydrinate and promethazine produced
significant declines in the vestibular eyve movement measures. With vision
permitted during angular acceleration, these same drugs also interfered
with the abilityv of the individual to fixare adequately on a visual task.
Subiects who received a combination drug (promethazine plus d-amphetamine)
responded much like placebec subjects under the visual task condition,
demonstrating an ability to suppress vestibular eye movements and thereby
maintain good wvisual fixation on a task. Thus, the effect of a2 drug on
vestibular or optokinetic nystagmus mav be a poor indicator of its value in
preventing motion sickness. Moreover, assessment of the efficacy of drugs
to combat motion sickness in many practical situations should include as =
possible adverse side effect the inability te maintain visual fixation
during motion.
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